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METHOD FOR SYNTHESIZING 
POLYNUCLEOTIDES 

This application is a national stage application under 35 
USC 371 of PCT/JP0l/08l42 ?led Sep. 19, 2001, Which 
claims the priority bene?t of Japanese Application No. 
2000-283862 ?led Sep. 19, 2000. 

TECHNICAL FIELD 

The present invention relates to a method for synthesizing 
polynucleotides. 

BACKGROUND ART 

Template-dependent nucleic acid synthesis methods using 
the Polymerase Chain Reaction (PCR) method have served 
as a major driving force for research in bioscience ?elds in 
recent years. The PCR method has made it possible to 
exponentially amplify nucleic acids composed of a nucle 
otide sequence complementary to a template by using a 
small amount of double-stranded nucleic acid as template. 
PCR is currently Widely used as a tool for gene cloning and 
detection. In the PCR method, one set of primers comprising 
nucleotide sequences complementary to both ends of a target 
nucleotide sequence is used. One of the primers is designed 
to anneal to the elongation product generated by the other 
primer. In this manner, a synthesis reaction progresses in 
Which annealing to a mutual elongation product and comple 
mentary strand synthesis are repeated, enabling exponential 
ampli?cation to be achieved. 

In the PCR method, complex temperature control is 
essential. A special reaction apparatus must be used to 
accommodate this complex temperature control. Thus, it is 
di?icult to perform PCR at hospital bedsides or outdoors. In 
addition, improvement of reaction speci?city has been an 
important problem for knoWn complementary strand syn 
thesis reactions. For example, in the PCR method, When a 
complementary strand synthesis product is used as a neW 
template, the region to Which the primer anneals is not a 
nucleotide sequence derived from the sample in the strict 
sense, but rather is merely a copy of the nucleotide sequence 
of the primer. Thus, it is typically di?icult to recogniZe slight 
differences in nucleotide sequences using a PCR primer. 
As one method for solving these problems, the LAMP 

method Was invented (Loop-mediated isothermal ampli?ca 
tion) (Nucleic Acid Res. 2000, Vol. 28, No. 12 e63, WO 
00/28082). The LAMP method makes it possible to anneal 
to a template polynucleotide its oWn 3'-end to serve as a 
starting point for complementary strand synthesis, While 
also enabling an isothermal complementary strand synthesis 
reaction by combining a primer that is annealed to the loop 
formed at this time. In addition, in the LAMP method, since 
the 3'-end anneals to a region derived from the sample, a 
nucleotide sequence checking mechanism functions repeat 
edly. As a result, it has become possible to identify even 
slight differences in nucleotide sequences. 
When detecting a target nucleotide sequence based on a 

complementary strand synthesis reaction such as LAMP or 
PCR, there is a close relationship betWeen the time required 
for the reaction and detection sensitivity. In other Words, 
alloWing the reaction to proceed for as long a time as 
possible until the reaction reaches a plateau is a condition for 
achieving high detection sensitivity. In the case of knoWn 
complementary strand synthesis reactions like LAMP and 
PCR, the reaction reaches a plateau in about 1 hour. In other 
Words, it may be said that a reaction time of about 1 hour is 
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2 
required in order to obtain maximum sensitivity. Although a 
reaction time of 1 hour is not that long, it Would be even 
more useful if an even shorter reaction time can be realiZed 
Without sacri?cing detection sensitivity or procedural ease. 

FolloWing the identi?cation of the genome draft, science 
is entering a post-genome era. There is a groWing need for 
analyZing single nucleotide polymorphisms (SNPs) and 
gene function as Well as gene diagnosis based on the results 
of those analyses. Thus, the development of a technology 
that enables gene nucleotide sequences to be analyZed more 
accurately and rapidly is becoming an important issue not 
only in terms of rapidly carrying out functional analysis, but 
also With respect to practical application of the results of 
gene function analysis in actual clinical settings. 

DISCLOSURE OF THE INVENTION 

The objective of the present invention is to provide a 
method that can rapidly carry out a complementary strand 
synthesis reaction using a polynucleotide as template. 
The inventor conducted extensive research on reaction 

conditions for complementary strand synthesis to solve the 
above problems. As a result, it Was found that the combi 
nation of primers used for complementary strand synthesis 
and the 3'-end serving as the starting point for complemen 
tary strand synthesis Was intimately related to the reaction 
rate of complementary strand synthesis. Moreover, it Was 
revealed that the reaction e?iciency of complementary 
strand synthesis can be improved by combining a template 
polynucleotide having a speci?c structure With a primer 
capable of providing the starting point for complementary 
strand synthesis at a speci?c location of this polynucleotide, 
thereby leading to the completion of the present invention. 
Namely, the present invention relates to the folloWing poly 
nucleotide synthesis method and the application thereof. 

[1] A method for synthesiZing a polynucleotide compris 
ing the steps of mixing the folloWing elements 1 to 5, and 
incubating under conditions that alloW template-dependent 
complementary strand synthesis using the DNA polymerase 
in 4: 
l: a template polynucleotide that: 

(a) has a target nucleotide sequence comprising at least 
one set of complementary nucleotide sequences, 

(b) forms a loop capable of base pairing When the comple 
mentary nucleotide sequence of (a) hybridiZes, 

(c) forms a loop by the annealing of its 3'-end to itself, and 
(d) Whose 3'-end annealed to itself can be a starting point 

for complementary strand synthesis using itself as template; 
2: at least tWo types of primers providing starting points for 

complementary strand synthesis at different locations on 
the template polynucleotide loop; 

3: at least one type of primer providing a starting point for 
complementary strand synthesis at a location different 
from the primers of 2 in a loop formed by template 
polynucleotide and/or an elongation product produced by 
the annealing of the primers of 2 to the template poly 
nucleotide; 

4: a DNA polymerase catalyZing complementary strand 
synthesis accompanying strand displacement; and, 

5: a substrate for complementary strand synthesis. 
[2] The method of [1], wherein said template polynucle 

otide has on its 5'-end a nucleotide sequence complementary 
to an arbitrary region of its oWn nucleotide sequence. 

[3] The method of [2], Wherein said template polynucle 
otide is produced by the folloWing steps of: 

a) annealing a ?rst primer to a target nucleotide sequence, 
and conducting a complementary strand synthesis. reaction 
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using this as a starting point, wherein said ?rst primer (i) can 
provide at the 3'-end a starting point for complementary 
strand synthesis to a region that de?nes the 3'-side of one of 
the strands that compose the target nucleotide sequence, and 
(ii) has on its 5'-side a nucleotide sequence complementary 
to an arbitrary region of a complementary strand synthesis 
reaction product that uses this primer as a starting point; 

b) placing, in a condition that alloWs base pairing, the 
region to Where a second primer is to anneal in the elonga 
tion product of the ?rst primer synthesiZed in step a), 
Wherein said second primer (i) has on its 3'-end a nucleotide 
sequence providing a starting point for complementary 
strand synthesis to a region that de?nes the 3'-side of a target 
nucleotide sequence in the elongation product that uses the 
?rst primer as a starting point, and (ii) has on its 5'-side a 
nucleotide sequence that is complementary to an arbitrary 
region of a complementary strand synthesis reaction product 
that uses this primer as an starting point; 

c) annealing said second primer to the region that can 
form base pairing in step b), and carrying out complemen 
tary strand synthesis using this as a starting point; and, 

d) annealing the 3'-end of the elongation product of the 
second primer synthesiZed in step c) to itself, and carrying 
out complementary strand synthesis using itself as template. 

[4] The method of [3], Wherein the tWo types of primers 
are a ?rst primer and a second primer, and at least one type 
of the primers is a loop primer providing, betWeen a region 
derived from each primer in the elongation product of the 
?rst primer or second primer and the arbitrary region With 
respect to each primer, a starting point for complementary 
strand synthesis. 

[5] The method of [4], Wherein said loop primer is (i) a 
?rst loop primer providing, betWeen a region derived from 
the ?rst primer in the elongation product of the ?rst primer 
and the arbitrary region With respect to the ?rst primer, a 
starting point for complementary strand synthesis, and (ii) a 
second loop primer providing, betWeen a region derived 
from the second primer in the elongation product of the 
second primer and the arbitrary region With respect to the 
second primer, a starting point for complementary strand 
synthesis. 

[6] The method of [4], Wherein said loop primer further 
comprises on its 5'-end a nucleotide sequence complemen 
tary to the arbitrary region. 

[7] The method of [3], Wherein each product of the ?rst 
primer or second primer is converted to a single strand by 
displacing the elongation product of the ?rst primer and/or 
second primer according to complementary strand synthesis 
from an outer primer that provides a starting point for 
complementary strand synthesis to the 3'-side of a template 
With respect to the ?rst primer or second primer in step b) 
and/or step c). 

[8] The method of [3], Wherein the target nucleotide 
sequence is present as a double-stranded polynucleotide in 
step a), and the region to Which the ?rst primer is annealed 
is made to form base pair bonds according to a complemen 
tary strand synthesis reaction using the arbitrary primer as a 
starting point. 

[9] The method of [8], Wherein step a) is carried out in the 
presence of a melting temperature regulator. 

[10] The method of [9], Wherein the melting temperature 
regulator is at least one compound selected from the group 
consisting of betaine, proline, dimethylsulfoxide, and trim 
ethylamine N-oxide. 

[11] A method for amplifying a template polynucleotide, 
comprising the step of repeating complementary strand 
synthesis using the template polynucleotide as template 
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4 
according to the method of [l] or [5], and also carrying out 
another polynucleotide synthesis reaction according to the 
method of [l] or [5] using the elongation product resulting 
from the synthesis reaction as a neW template polynucle 
otide. 

[12] A method for detecting a target nucleotide sequence 
in a sample, comprising the step of carrying out the ampli 
?cation method of [ l l], and correlating the production of the 
ampli?cation reaction product With the presence of a target 
nucleotide sequence. 

[13 ] The method of [12], Wherein the method of [11] is 
carried out in the presence of a polynucleotide detecting 
agent, and Whether or not an ampli?cation reaction product 
is produced is observed based on a signal change of the 
detecting agent. 

[14] A method for detecting a mutation in a target nucle 
otide sequence according to the detection method of [12], 
the method comprising the steps of (i) blocking at least one 
of the complementary strand synthesis reactions selected 
from the complementary strand synthesis reactions compos 
ing the ampli?cation method, When the target nucleotide 
sequence is not the predicted nucleotide sequence, and (ii) 
observing the inhibition of the ampli?cation reaction. 

[15] The method of [14] that uses the folloWing ?rst 
primer and second primer, Wherein at least either the ?rst 
primer or second primer comprises a checking sequence on 
its 5'-side, 

Wherein, a checking sequence refers to a nucleotide 
sequence in Which (i) When a nucleotide sequence that 
composes a speci?c region is not the predicted nucleotide 
sequence, a mismatch occurs at the time When the 3'-end of 
the complementary strand synthesiZed using the checking 
sequence as template anneals to the target nucleotide 
sequence, or its complementary strand, and (ii) a comple 
mentary strand synthesis reaction that starts by using the 
3'-end as a starting point is inhibited by this mismatch, 

the ?rst primer (i) can provide at its 3'-end a starting point 
for complementary strand synthesis to a region that de?nes 
the 3'-side of one of the strands that composes a target 
nucleotide sequence, and (ii) has on its 5'-side a nucleotide 
sequence that is complementary to the arbitrary region of the 
complementary strand synthesis reaction product that uses 
this primer as a starting point, and 

the second primer (i) has a nucleotide sequence on its 
3'-end that provides a starting point for complementary 
strand synthesis to a region that de?nes the 3'-side of a target 
nucleotide sequence in an elongation product that uses the 
?rst primer as a starting point, and (ii) has on its 5'-side a 
nucleotide sequence that is complementary to the arbitrary 
region of the complementary strand synthesis reaction prod 
uct that uses this primer as a starting point. 

[16] The method of [15], Wherein When the nucleotide 
sequence that composes the speci?c region is not the pre 
dicted nucleotide sequence, a mismatch occurs in the 2nd to 
4th nucleotides from the 3'-end of the complementary strand 
at the time When the complementary strand synthesiZed by 
using a checking sequence as template anneals to the target 
nucleotide sequence, or its complementary strand. 

[17] The method of [15] that uses the folloWing ?rst loop 
primer and/ or second loop primer as loop primers; provided 
that, When the loop primer comprises on its 5'-side a 
nucleotide that is complementary to the arbitrary region 
arranged on the 5'-side of the primer, or When the nucleotide 
sequence arranged on the 5'-side of the primer is a checking 
sequence, a sequence in Which the nucleotide for providing 






































































